Dental plaque is an example of microbial biofilm with a very complex microbial composition. As many as 500 different species of bacteria have been isolated from the oral cavity (17) , which gives an idea as to the complexity of this habitat.
In individuals who clean their teeth on a regular basis, dental plaque does not accumulate and does not lead, generally, to health problems. However, an overgrowth of dental biofilm, usually due to a lack of regular cleaning, has been linked to the development of periodontal disease (10) . During dental plaque formation, a coordinated succession of microorganisms colonizing the tooth occurs. Oral streptococci and Actinomyces spp. are the first to appear on the surface of the teeth. Fusobacterium nucleatum, Treponema denticola, and Bacteroides forsythus are microorganisms which are thought to appear in more advanced stages of plaque formations (12, 14) . Oral putative pathogens, such as Porphyromonas gingivalis, need the presence of a mature biofilm in order to be able to colonize the gingiva (gums) (14) . Quorum sensing has been described in both gram-negative and gram-positive bacteria. The basic mechanism that controls gene expression in both groups of bacteria is essentially the same; when quorum-sensing bacteria are growing, they produce and release to the external environment a series of molecules called autoinducers at a low basal level. As the population increases, these molecules accumulate until they reach a certain threshold level, which leads to the activation of different sets of target genes that allow the bacteria to survive environmental changes (5) .
In gram-positive bacteria the signaling molecules are secreted peptides, whereas in gram-negative bacteria two different systems of quorum sensing, which use different types of autoinducers, have so far been described (1) . Vibrio harveyi is a free-living gram-negative marine bacterium that possesses both of these different systems. The first system was initially described in Vibrio fischeri as the mechanism that controls the expression of bioluminescence in this microorganism. Over the past few years, similar systems have also been found in different genera of gram-negative bacteria, and it has become clear that this system monitors the density of cells by producing acylated homoserine lactones (AHLs), whose structure depends on the bacteria that produce them (5, 7). In V. harveyi this first system has been called system 1, and hence the autoinducer that controls it is called AI-1. In this case the hydroxybutyryl homoserine lactone is the autoinducer.
A second quorum-sensing system has been described in V. harveyi (1, 6) . The structure of the autoinducer for this system, which has been called AI-2, is still unknown, although it has been reported that its synthesis is dependent on the luxS gene (1, 23) . This second system seems to be more widespread among the microbial world than the one that uses AHLs as autoinducers, and homologues for luxS have been identified in a large number of both gram-positive and gram-negative microorganisms (1) .
Since bacteria within the biofilms reach a high density, it has been suggested that quorum sensing might play a key role in bacterium-bacterium communication and, therefore, in the formation of biofilms (20) . Moreover, Davies et al. have proven that a mutation in the lasI gene forms undifferentiated biofilms that, unlike wild-type biofilms, are sensitive to sodium dodecyl sulfate (3) .
Dental plaque will be a likely scenario for production of quorum-sensing signal molecules, due to the complexity of the biofilm structure and the presence of putative pathogens which could lead to develop periodontal diseases. However, so far there has been no proof that quorum-sensing signal molecules are produced by dental plaque. The aim of the present study was to examine the production of quorum-sensing signal molecules in bacteria isolated from dental plaque, especially in major putative periodontal pathogens such as Porphyromonas gingivalis or Actinobacillus actinomycetemcomitans (9, 19) .
(Preliminary sequence data were obtained from The Institute for Genomic Research website at http://www.tigr.org.)
Cell culture fluids from collection strains and strains isolated from patients with periodontitis were used to check for the production of quorum-sensing signal molecules. The bacterial strains tested for autoinducer production were grown at 37°C in Schaedler broth supplemented with vitamin K 1 (10 g/ml [final concentration]), until an optical density of more than 0.5 at 600 nm was reached. Cells were removed from the culture fluids by centrifugation at 12,000 ϫ g for 10 min and were then passed through 0.2-m-pore-size membrane filters. Samples were stored frozen at Ϫ30°C. Cell culture fluids from V. harveyi strains were prepared in the same manner, except that they were cultured at 30°C in autoinducer bioassay (AB) medium (8) .
Three reporter strains of V. harveyi were analyzed for response to AI-1, AI-2, and both of them at the same time. All of them were kind gifts of B. L. Bassler (Department of Molecular Biology, Princenton University). Strain BB120 is the wild-type strain (AI-1 ϩ AI-2 ϩ ). Sensor mutants BB886 and BB170 are derived from BB120. V. harveyi BB886 is sensor 1 ϩ sensor 2 Ϫ and responds only to AI-1. V. harveyi BB170 is sensor 1 Ϫ sensor 2 ϩ and responds only to AI-2. The control V. harveyi BB152 is AI-1 Ϫ AI-2 ϩ and therefore only produces AI-2.
Stimulation of light production in the V. harveyi reporter strains was assayed as reported by Surette and Bassler (21) . Briefly, reporter strains were grown for 16 h (to an approximate optical density of 1.0 at 600 nm) at 30°C in AB medium (8) . The cultures were diluted 1:5,000 in fresh medium, and cell culture fluids from the strains listed in Table 1 were added at a 10% final concentration. The resulting light production was monitored with a luminometer (LUMAC Biocounter M2500). Maximal stimulation of light production in the V. harveyi reporter strains occurred at 4 h after dilution and addition of the cell culture fluids. Due to the inherent variability of the assay (2), all experiments were performed at least three times. Table  1 shows the results for light stimulation obtained using the cell culture fluid from the strains used. The stimulation of light production obtained from BB120 wild-type strain cell culture fluids was considered to be 100%, and results were considered to be positive when the stimulation of light was, in all three experiments, higher than 10% of the result obtained for BB120 (2) .
Our experiments have shown that at least three genera of periodontal isolates, Fusobacterium, Prevotella, and Porphyromonas, were able to stimulate the production of light in V. harveyi BB170, which responds to autoinducer AI-2. However, none of the strains tested was able to stimulate reporter strain BB886, and hence they probably do not produce AHLs as autoinducers (Table 1) . It is interesting that none of the strains of A. actinomycetemcomitans used in these experiments produce any of the molecules tested. Since A. actinomycetemcomi- tans is considered an important periodontal pathogen, additional work would be necessary in order to confirm this point. These results agree with those obtained by P. E. Kolenbrander and E. P. Greenberg (24) . They did not find the production of AHLs by gram-negative oral bacteria when using up to three other reporter systems for checking the production of quorum-sensing signal molecules. As B. L. Bassler pointed out, it seems that the system induced by AI-2 is more widespread in nature and could be used as a mechanism for interspecies communication (1) . In our case, it is interesting to underline that the three genera that presented production of AI-2 activity belong to the same phylogenetic group (13).
Bassler et al. found that Vibrio cholerae, Yersinia enterocolitica, and Vibrio natriegens did not stimulate strain BB120 but did produce AI-2-like activity (2). They support those results by the fact that when system 1 is present, system 2 seems to be less sensitive to induction. We have found similar results in the strains that produce AI-2-like activity (Table 1) . In all cases, the stimulation of light production in strain BB120, the wildtype of V. harveyi, was not significant even in the cases where an AI-2-like activity was observed.
We observed that the induction of AI-2-like activity in F. nucleatum, Prevotella intermedia, and P. gingivalis differed depending on the experiments. The regulation of AI-2 production in Escherichia coli and Salmonella enterica serovar Typhimurium depends on environmental factors such as osmolarity, concentration of glucose, and temperature (21, 22) . Concentration of glucose does not seem to have any influence on AI-2 production in Fusobacterium, Prevotella, and Porphyromonas. Moreover, the production of the autoinducer does not seem to be growth phase dependent (data not shown).
A series of complementation experiments were later performed. Sequence analysis showed that the LuxS proteins from different microorganisms are very similar (1). Taking advantage of that fact, we searched the P. gingivalis database to look for a putative LuxS in this microorganism and preliminary sequence data was obtained from The Institute for Genomic Research website at http://www.tigr.org. We found an open reading frame which has 30% identity and 50% homology with LuxS from V. harveyi (Fig. 1) . In the case of Fusobacterium and Prevotella we could not do complementation experiments due to the lack of enough sequence data presented in the database. Therefore, it was not possible to design specific primers to amplify the putative luxS sequences from these microorganisms. E. coli DH5␣ has a frameshift mutation that could be complemented by other LuxS proteins in trans but not at the wild-type level (4, 23) .
Cloning of the luxS gene homolog from P. gingivalis (luxS P.g. )
FIG. 1. Multiple alignment of amino acid sequences from LuxS (V. harveyi BB120), YgaG (E. coli MB1655), and the putative protein product of luxS P.g. from P. gingivalis.
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NOTES 3433 utilized the primers 5Ј-ACCGAATTCATGGAGATGGAAA AAATTC-3Ј, which contains an EcoRI site at the 5Ј end, and 5Ј-AACAAGCTTTCAGTCGGGATAGTTCAGG-3Ј, which contains an HindIII site at the 5Ј end. The PCR product was purified, digested, and cloned into the expression vector pCKR101, under the control of a tac promotor. The resultant plasmid was transformed into E. coli DH5␣. In order to induce the production of the protein from our resultant plasmid, E. coli DH5␣ was grown in Luria-Bertani broth supplemented with 0.5% glucose and a final concentration of IPTG (isopropyl-␤-D-thiogalactopyranoside) of 0.5 mM. In a parallel assay, a negative control of E. coli DH5␣ containing only the vector pCKR101 was used under the same conditions. Results were obtained from three different experiments. The percentage of activity obtained refers to the level of wild-type V. harveyi BB120 activity, which has been normalized to 100%.
Results show a complementation of up to more than 30% of the activity (34.1 Ϯ 6.8), whereas the negative control E. coli DH5␣, which contained only plasmid pCKR101, was unable to produce autoinducer activity (0.7 Ϯ 0.6). Similar results have been presented by other authors, even using the LuxS protein from V. harveyi BB120 and Helicobacter pylori (4, 23) .
F. nucleatum, P. intermedia, and P. gingivalis are, for different reasons, three very important microorganisms in the development of periodontal disease (11) . F. nucleatum is known as an important part of the subgingival microbiota (9). Moreover, it is able to coaggregate with most of the microorganisms that form part of normal plaque and with periodontal pathogens (12) .
P. intermedia has also been isolated as a part of dental plaque and in some cases has been linked to certain forms of periodontitis (16) . The levels of P. intermedia have been shown to be elevated in acute necrotizing ulcerative gingivitis (15) .
Finally, P gingivalis has been long considered one of the main periodontal pathogens (14, 19) , playing an important role in bone and tissue destruction. It is absent in health and during disease reaches an important portion of the total population and has the capability of producing a large number of virulence factors (11, 14) . There are indications that quorum-sensing mechanisms control the production of virulence factors in some species of bacteria (18) . In the case of P. gingivalis, the production of AI-2 may play some role in controlling expression of its virulence factors.
Due to the importance of these microorganisms as part of dental plaque and in the development of periodontal disease, the fact that they share a common form of communication is quite interesting. We do not yet know what role this could have in the development of mature dental plaque and in the mechanisms of pathogenesis of these microorganisms, two questions that are currently under study.
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